METHOD AND APPARATUS FOR MANAG NG DEFECTS | N RECORDI NG MEDI A, AND A
DEFECT MANAGED RECORDI NG MEDI UM OBTAI NED USI NG THE SAME METHOD 5
Technical Field The present invention relates to defect nanagenent
for recording nmedia, and nore particularly, to a nethod, apparatus,
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slipping repl acenen ?n write once recording nedia, where recording

i s al | owetP Hﬂ‘%‘?rbfﬁ?éé.befﬁ‘e&éﬁ@r al, the presence of defects in a
recording nmediumis detected by recording data on the recording

medi um and then confirm ng whether or not data has been witten

correct | ygQikdrbénd Agcor di ng medi um However, once data is witten on
a wite once recording nedium 30 it is inpossible to thereafter
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cannot b ear%ré?ﬁeeqel% compensating for data loss caused by the defective area. In general,
defect management is performed using linear replacement or slipping replacement.
In linear replacement, data stored in the defective area of the user data area is
recorded in a spare data area having no defects. In slipping replacement, the

20 defective area of the user data area is skipped and the next available area of the

user data area having no defects is used.

Both linear replacement and slipping replacement are, however, applicable
only to recording media such as a DVD-RAM/RW discs, on which data can be
repeatedly written and recording can be performed using a random access method.

25 It is difficult to perform linear replacement and slipping replacement on write once
recording media, where recording is allowed only once. In general, the presence of
defects in a recording medium is detected by recording data on the recording
medium and then confirming whether or not data has been written correctly on the
recording medium. However, once data is written on a write once recording medium,

30 it is impossible to thereafter overwrite new data and manage defects on the write
once recording medium.



rewitten, include the nethods, apparatuses, and nedia potentially
including the use of a reproducing and/or recording nmediumdrive, to
produce a defect managed wite s once recordi ng nedium However, the
def ect managenent performed by a reproduci ng and/ or recordi ng nedi um
drive can be i scontinued _due to an unaygi.dabl cci dent,
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set forth in r{ 20.in the descript.i whi ch, fol |l o and, in part,
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advant ages, enbodinents of the present invention provide a recording
medi ulf} immﬁﬁhbea&agfﬁamdmaag Peen dgvelored gnd deseribedibergin iagenesate a
substi tUt@sﬁl%nt@e@&&%ﬁé@%d@é@&dﬁfg hBGiuRPiedarti s SFdicH Mtefrapfitis. 2
tenporary defect nanagenent area storing ténporary managemeﬁt
information identifying the defective area and the repl acenent area,
wherein position information and state information regarding the
defective area are recorded in the replacenent area. 2 The position

i nf or mat iGBcIB8GredfALE ImvEn@bABt i on regarding the defective area may
be error-correciion code (ECC) encoded during ECC encodi ng of data
recorded in the replacenent area, Alternatively, ECC encoded data
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and advant ages,
management was abnormally terminated due at least to an unavoidable accident

such as a power failure, and a defect managed write once disc implementing
compensation for the same.

Additional aspects and/or advantages of the invention will be set forth in part
20  in the description which follows and, in part, will be obvious from the description, or
may be learned by practice of the invention.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide a recording medium, including a spare area storing a
replacement area that is a substitute for a defective area of thg recording medium,

25 and a temporary defect management area storing temporary management
information identifying the defective area and the replacement area, wherein position
information and state information regarding the defective area are recorded in the

replacement area.



of the present invention provide a nethod of nanaging a defect in a
recording nedium including recording a replacenent area for a
defective area of the recording nediumin a spare area, and

recordi ng tenporary nanagenent information identifying the defective

area and the rrespondi.ng repl ace t, area ih a l1lo tenporary defect
managenent are %Pogﬁer‘r@&ﬁ"@ﬁ% aﬁg‘é?qﬁ‘ﬁ {rkimaraépﬁ r[?8§f‘{”!‘5b e defective area
i nformati %y%édeﬁéﬁé&rédﬁbﬁre%b'(EOO);%%%GB&GUWE@@C &5ddditiy § aﬁ%@orded

recorded in"the replacenment area. The nethod may further in

recor di ngint #pJeRlagemeniganeent Alletnalivelt i BEC wmicoded sdatasang thec positian
in the te ; ' f agenent
arca (DA SD SRRt TRRAAGRY breeBtruelinhe epidlE it AfRET CTTY
recorded tenporary managenment infornmation nay be recorded in the DVA
in at5|east ofeaggoraplisbdtieiabose endndther|aspdets endsadmntdgeshembodiments

recordi ng i . lish.th Vi d/ or. ot her cts and .
advant age%fl,ﬁrﬁ’%nggéoﬁeﬁgﬂﬁ\g&% Péﬁé"&ﬁrgs@%ﬁoﬁnsﬂmqn&@% BV?’%éBﬁH‘ a recording
appar at usmetiven, Unclnging reeerding 4 gdplaRihard aved for a2defeEHRy sl ©f 87 fecdofding
and/ or froma recording nedium and a controller controlling the

r ecor di ngMEAIUFANA BBATE 37ERI Arrent FEAPEENG f AMRETABRY JBANIEETRPRY iBformation
recordi ngidegggiingmthé Nde¥esfi! ear@égﬁn@fthteh%ofrﬁﬁgérwi%r%?%cﬁfﬂen&h rea in a

recording/r g unit to record tenporary nag _ or ma
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i nf or mat | eplacegendiaren. t he defective area in the replacenent area. To

acconplish the above and/or other aspects and advant ages, enbodi nents

of the presentyjnv | O QVi met hod of managing a defect in a
recordi ng rredﬁl-ifm ﬁl%‘i?‘ﬂd% d@ﬁg%h AT S SEREPD eé%r‘ﬁ?rﬁ&' mIAnggement
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managenment i's determ ned to have not been successfully conpleted, an
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(DVMA) of the recording nmedium based on the generated defect
I nformation. T4 accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide an apparatus, including a recording/reading unit
20 recording data to and/or from a recording medium, and a controller controlling the
recording of data to a replacement area, for a defective area of the recording
medium, in a spare area of the recording medium, the recording/reading unit to
record temporary management information identifying the defective area and the
replacement area in a temporary defect management area, and controlling the
25 recording/reading unit to record position information and state information regarding

the defective area in the replacement area.

To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide a method of managing a defect in a recording
medium, including determining whether recording medium defect management has

30 been successfully completed, reading lastly recorded defect information from a

replacement area, of the recording medium, for a defective area of the recording

3



s The determ ni ng of whether the recordi ng nedi um def ect nmanagenent
was successfully conpleted may be determ ned by checking a
consistency flag on the recording nedium The generating of the new
defect information may further include reading position information

regar di ng ef ' ; r h .acepent,.area. _The 1
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whet her recordi ng nmedi um def ect managenent has previously been

successful ly ﬁ_grrpl ete ntrolling the recording/reading unit

1 t
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gener & ed MR BrdsAR shEMRLAY CAMpIERERL e fiing i horh Y e HRedrdfng
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20 The updating of the SBM may further include recording an updated SBM as
temporary management information in a temporary defect management area on the
recording medium.

To accomplish the above and/or other aspects and advantages, embodiments

of the present invention provide an apparatus, including a recording/reading unit

-25 recording data to and/or from a recording medium, and a controller determining
whether recording medium defect management has previously been successfully
completed, controlling the recording/reading unit to record lastly recorded defect
information from a replacement area and generate new defect information when the
recording medium defect management is determined to not have previously been

30  successfully completed, and controlling the recording/reading unit to update a defect



5 and/or froma recording nmedium and a controller controlling the

pi ckup to record and/or read data to determ ne whether recording

medi um def ect managenent has previously been successfully conpl eted,
and scanning a portion of the recording nedium purportedl y
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appar at us pertrormng ™0 of a recordi ng nmedi um
according to an enbodi nent of the present invention; 5 FIG 3 is a
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Il lustrateediunlata frane format for a recordi ng nedi um according to
an 5 enbodi nent of the present invention;

To accomplish the above and/or other aspects and advantages, embodiments
of the present invention provide a computer-readable medium including computer
readable code for Controlling a reproducing and/or recording apparatus to perform

20 any of the above methods.

Brief Description of the Drawings

The above and/or other aspects and advantages of the present invention will
become more readily appreciated from the following description of the embodiments
25  taken in conjunction with the accompanying drawings in which:

FIGS. 1A and 1B illustrate data structures of a write once recording medium
with a temporary defect management area {TDMA) and a defect management area,
according to reproducing and/or recording embodiments of the present invention;

FIG. 2 is a block diagram of an apparatus for performing defect management

30 of a recording medium, according to an embodiment of the present invention;



FIG 5 illustrates a spare area in the recording nmediumfornmed when
defect managenent of the recording nediumis abnormally term nated
due to an unavoi dabl e acci dent such as a power failure; FIGS. 6A-6C
illustrate diagrans explaining a nethod of restoring a spare bit io

map (SBM, which is a E pe of tenporary managenent information,
according to EHthie %deii'%ﬂ'i" ¢ffa teREdiicingeand/phiaserding methemdrige that
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area, a data,area, - out ﬁég&e} The l.ead-in area is |ocated

d l.ead
in an innépoﬁ‘gF?”@P%F’ﬂ%"qr(gg@? prasgn A"188dand the | ead-out area is
located in anF@iteris ParffowthakthflustPamgdh NGcBRMd Thd@m dERRt ﬁﬂé:?%g?érﬁ&t
n this

is present between the lead-in area and the |ead-out area.

enbodi mentmetbed agcaidingipranatbergembedimest efdhg piesentdnventine. sane as
those of a CD rewitable (CD RW, and the data area is sequentially
divided into a spare area, a user data area, and a spare area,
startithg Bestmode forsampingautitheinvention ecor di ng nedi um 100. The user
data area is an area 6 where user data is witten, and the spare
areas serve t oRefengranes atile nbor bé anadé rin tdetail tedbe dembodipends of théeresent
user data,area due toldeffschs Sin etd?f(ﬁCtt?\Pmié' gccur.on,  the .
r ecor di ng"WEBTQUm SXgaPIeY of whigh.gre, irated, iy the decompanying drawings, wherein
areas be likd refepiree mubrdd aéfen tb ahg dkergmbntel thiRighoun Fid lemBRliments

witten on the recordip%{ , . . .
are described below to explain the present invention by referring to the figures.

20 Hereinafter, preferred embodiments of the present invention will be described with

reference to the accompanying drawings.

FIGS. 1A and 1B illustrate structures of a recording medium 100, according to
embodiments of the present invention.

FIG. 1A illustrates a single recording layer recording medium representation of

25  the recording medium 100 having a recording layer LO. The recording medium 100
includes a lead-in area, a data area, and a lead-out area. The lead-in area is
located in an inner part of the recording medium 100 and the lead-out area is located

in an outer part of the recording medium 100., The data area is present between the
lead-in area and the lead-out area. In this embodiment, the start and end of the

30  data area are the same as those of a CD rewritable (CD RW), and the data area is
sequentially divided into a spare area, a user data area, and a spare area, starting
from the inner part of the recording medium 100. The user data area is an area

6



5 medi um 100. In this enbodinment, positions of the spare areas are
not fixed. At |east one of a defect managenent area and a tenporary
def ect managenent area is present in at |east one of the lead-in
area and the lead-out area. FIG 1B illustrates a double recording
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the user l@@b@lrﬂg{ ef/efD tRs loBfst-puH oftfifst @B&dlﬁfté%?rl‘_ot hesimitsdy, %t éuter

area and the er areas. |f necessary, a portion-of the user

area rmy 3823 sataaresn and arleagaubarmesare seanentially fﬁﬁ'ﬂ@d fwahttwr@tgpaa@ of
area 25 Y r I I
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accordin odi_nent__of. .t he ent _i.nve o] f

2re S " kS ey HiEn fndp Barobt, 11d FedRiiiBg et B dPhCth, FIE ang it B. e
a cont rolrbeordihg eriediilam MDOOSTYF IS, 1BhRas @adphoslé tertti pith L(mtp)&%ére data is
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the preséeHitten seging om thRdes augre@aafkthﬁrf@stcrgt:ardmg)Iayphéortewafqmegouter

medi um 10Qeh QBEIfr¥t FRBrdiNg 'iéﬁe?'lan@a&&tmzl ;@hﬁoﬁofﬁter&tb laréa B‘Frﬂfné’ fsgé%nd
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20 area is allocated to each of the recording layers LO and L7.

In these embodiments, the spare areas can be present between the lead-in
area and the user data area, between the user data area and the lead-out area and
between the user data area and the outer areas. If necessary, a portion of the user
data area may be used as another spare area, that is, more than one spare area

25 may be present between the lead-in area and the lead-out area.

FIG. 2 is a block diagram of a reproducing and/or recording apparatus for

performing recording medium defect management, according to an embodiment of

the present invention. Referring to FIG. 2, the recording apparatus includes a

recording/reading unit 1, a controller 2, and a memory 3. The recording/reading unit

30 1 writes data on a recording medium 100 according to an embodiment of the present

invention, and reads back the data from the recording medium 100 to verify the
written data.



a verify-after-wite nmethod in which data is witten on the recording
medi um 100 in predetermned units of data and the witten data is
then verified to detect if an area 5 of the recordi ng nmedium 100 has
a defect. Mre specifically, the controller 2 wites wuser data on

t he recording diu 0, n predeter ned f data, verjifies th
witten user d edc?%rcé%{ 3&9@5"' rrg%orglpgtrﬁg @?@Ph@anﬁﬁ?mﬁntl@@mrﬁmg%
whi ch a dgi epibodinest of thanstessmlinansion, dmttﬂist@ﬂbdewém'm GHritdIIgt 2 usds
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def ect h cor i um
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i nf or mat i witterc aseedpanid detettoarn] afecbf mn@@emg mafi@hRI0 PNwhicht 4 @efect
15 to a defect enent area (%/A‘zé he tenporary nanagenent

| nf or mat | SHSSCH EHACASRPsTeste drlpdive ATRA WIHEA [eIAGaToRTt Ar9ang T hereater,
def ect Vethér(ﬁﬁ‘ﬁrdﬂéﬂ2 (ﬁ'@étregslﬁﬂﬁﬁiubﬂ& Fcfﬁ?hlgﬁrﬁd"ﬁﬂfh BbSifiSns dPthd %gfé&‘é‘é Yarea

def ect management i nformation mana t he te orary
i nf or et | anf thenrepigasmeentarea, anct aﬁoseSaWBo@'em lnforma@on ermbe angmoeyf 2ctIf

manageneni, [

ranage e e AT kL GRR RS0 4 pPRRp T YAV, 8 ot
Sr ]tcaas of wiites the stureld informeatiomnin mmﬁﬂmyldﬁeutnnehmayemagarda TODMAY of the
efective area is vvrltt to the acenent re as to restore
this inf dJFAB %@Hm[ ora“:'gfJ ﬁ‘g@éﬁrét% i f@‘ﬁnﬁ'ﬁf@ﬁ IS Gallash teypporary
updat ed, rﬂaﬂageméﬁtnln&ﬂmaﬁaﬁob&@é&pénaﬁ@ t@edi‘téfew%négelﬁeﬁ@‘i’iﬁérrﬁétio'nu\ﬂlﬁtten
25 occurs, even though the defective area has been'replaced wth the

repl abendft 3 Afefgct mﬁﬁ'é‘gﬁﬁ‘PBF @3 dRMAdgaThenigmpasae Management daformation
speci fi e%dn}fﬁnQO%ﬁ'lbé’r%rﬁ”gef%tcft PfS}ndiBR | tfgfﬁg"?gf;??fe&@%  @reas. and

I nstance, information thitrally designated
is writt@ormespandisg replasement iaress, aandrtepnmxraryedefect ostnagentanhtinfosmation

S oot b, el b4, ShBSt Bt EPERE R, PR e,
posi ti on theadempetary dbfetdnemamfgemenvmfcﬂmmtoarmclu&es@rﬁm@ mediaprrsBM) that
def ects incl.yde d fect gaus %url ng@@gﬁ?ord ng,of data and defe

caused dlPYiges dr o]rrpe ‘?'? ases rqﬁbungqliap%areas 5t the

i nf or mat irggordirkomediuRg10te defective cluster is considered address
i nformati on. For instance, if

The information regarding the defective area is written to the replacement
area, so as to restore this information when temporary management information
cannot be updated, e.g., when an unavoidable accident such as a power failure

25 occurs, even though the defective area has been replaced with the replacement area.
The information regarding the defective area specifies the position and state of the
defective area. For instance, information initially designated for a defective cluster
is written to a new cluster, i.e., a replacement cluster, that is a substitute for the
defective cluster.  The information regarding the defective cluster, in the
30 replacement cluster, identifies the position and state of the defective cluster.
Recording medium defects include defects caused during recording of data and
defects caused during verification of the written data. The position information

regarding the defective cluster is considered address information. For instance, if
8



8 several continuous physical sector nunbers (PSNs) are initially
designated for the defective cluster, a first PSN of the defective
cluster is recorded as the position information thereof. The size of
the position information is a unit of bytes, so that all addresses

f th th t
Cht or mat 1 SeverebFoitol cHyBicREBaAE: FBRER SHSSR, irfiEpVisiefbatad for the
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defect. The conplete defect represents data that conpl ete
damagetl aifdioroation: Feriinstanee.cthieegosition infatgatiommuay be aboit édbytes long.
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ther cas e, RS R B R R TRy Wb W uoer oo
conpl et e weftestin ttiatcmfemtwetc&mstem ist bquivalphtatoeosert datauwtitten ima repladignent
ot o - whi GHSGRN EEHSS et F et A CompIate KBtist 6 1 l1SepIote defect
conpar ed tpng taerrﬁ;aﬁta ddfé@t %te@htyd%dmam B@ﬂnﬂﬂetél? damégeﬁ:n ah8 6ajﬁﬁot be

def ecti ve cl uster, be witten in the replacenent cluster when a

conpl & e a@'f@éedo@%#ﬁlsa@ﬁnm hee@@ﬂmﬁ.gwbereaattaetln@@mgmtdﬁfey:t represents
changes, I butdt

(not s how%&%gp Q{ts Raeé/ ngﬁggﬁ%?tﬁg\%ﬁ g}o'r'é ﬁ%%g rt @?;%%arﬁﬁ% ? gémt oifrtgErt?’\'/agac't
the recor isiawgome@tmdefﬁot) dadd wetteln ﬁctlmedieplgcelmedaclaster 26ayt het mothier sHmeas

2 expects r eb rm nat ed. xt, th

cont ror| o385 WAIEAER At eel® R, EERJh SePhY Altan il ot have heen
it tot hewnttem:(hﬁ dhe glefenide nguster, tcoinpa@étﬁ t® oid dats thdteactually ends up being
recordi ng/ adl n unj }epilgto wite that defect information to the

recor i ngW ﬁ%@e e (Rl 403y Revgiemein thenrepiagament cluster when a
updat ed f(%mgl\éﬁi Yetdct to%cﬁl%eﬂé‘rtlhd)'ﬂecoﬂhh@d?addté{eth& sﬁ%tﬁl?rﬂ?ﬁhgéé’, such as
managenent 25 information can be updated whenever recordi ng

conpl et edVlﬂﬁoéakﬁ edeterm ned recording unit. Also, the controller 2
sets a consistency flag when recording the tenmporary nanagenent

i nformation inyhRR o r'e@sé’%gﬁreé Q@ Hukshqhst EHENHFBPﬁ{eaFerrogumrhg and/or
managenment i nformatlon nporary ‘managenent | nfornma

not 30 upscutingl@pparatus tairemoveldits eecacding omedismchOQ safterpeserding of data

fail Ui \éeeoﬁt]?&féghzt%ects write operations to have been terminated, Next, the
controller 2 reads the defect information from the memory 3, provides it to the

recording/reading unit 1, and controls the recording/reading unit 1 to write that defect
information to the recording medium 100. The temporary management information
is updated for every write operation. Alternatively, the temporary management

25 information can be updated whenever recording is completed in a predetermined
recording unit.

Also, the controller 2 sets a consistency flag when recording the temporary
management information in the TDMA, in order to restore the temporary
management information when the temporary management information is not

30 updated due to an unavoidable accident such as a power failure, even though the
defect area has been replaced with the replacement area. The consistency flag
identifies the start of an updating of the temporary management information . For

9



defect area has been replaced with the replacenent area. The
consistency flag identifies the start of an updating of the
tenporary managenent information . For 9 exanple, in this case, the
consistency flag may be set to 1 . Wen the recording rredi um 100

Gata i n pPEApE i (a6 GRPL BeronNIBTEyLag MAY o 88 b, e the Tecording
consi st engedidrag10RYyiebés td deelemdved HEMas rédbrﬂiﬂprrﬂéemn @irﬁé%@?%éﬁmmg
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t enpor ar y daEhiRgRIeERIETIRES Rl %aﬂgr pivite Iqperation; &he CW%'E"Q"@EO"IG@ may be

h
ol oaded. T Laney o Eepriehl poRkebelll ARERR PG| frahdgement
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recordi ng was abnornmal |y terrri nated and starts restoration of the

That 1o the. cafieroeeatii bk RN iRt & R tefotdieg B8 Too
area frois reloaned, thecmrﬁﬂojle:r@pheﬁ&dharceﬁmsmdy fagat i shé bensiseney fayis 1,

nmanagemnmen | nfo r, addi ti,onal I nfor rrat | on based on the
enaor nt et RIRAZ Aot ik dné fetdrROwas Broraly 10EmBRE aatistorts

| ater. V\hﬁb?stérhﬁoﬁ eePr tHeGtefipofd@ya manRmMdret thfofmation V‘éﬁH‘ Bﬂlﬂz'rt b@difibnal
data will not be 15 vvrltten to'the recording nedium1l

r ecor & nginfermatieons od hakisa the epriwlier 2 fapds fprmating r@gmdnrw t dafectwe area
control s fhg Y] F&ég{xg{aﬁlgc 'a‘re%i " ﬁﬁ?ﬂgsgﬂscf%horagﬁeﬁgﬁﬁenéent

updat ed tenporary nanag orma onin
(DMR) of infymratioor dndh gothed iadditiv6dl. irfbrenativhobased cm trm;;aedd ngfamation. A

et et Xﬁ%%ﬁﬁg%d?ﬁfﬁ!ﬁ?@“ﬁ%&éﬁﬁ% GPYBBIAEECT | netance. the positi on

i nformati on, a first PSN of a defective cluster and state
i nformati on re‘glduedlthg retdrdindgedfedzta e coamnpletd, sm Wrhén edditional data will not be
repl a errent cI s a bl |IIustrat|

G
structre¥ ﬁﬁr &%Pd%ﬂaﬂ?ﬁ#ﬁ?.ﬁ@(@ﬁg "9 AMeAm ﬁﬁ%d\?gpﬁgto be

and/ or remmnﬁeay thesntbliér 2fcohtrbls the BRbRIiNg/RGAdING ThiB1 tPecdrd ttH@ most
recordi ng nmedi um dr| ve includes a pickup 10, and corresponds to the

r ecor di ngiecealy Hpdalsditempsran negnagement é'?f@ﬁﬂﬁtf@ 'ﬁefbﬁd?d\s&d@ﬂnagqmﬁﬂédea
onto the ¢ Eﬂ\ﬂﬂfHPth%Q’ec@f‘dmlgéﬂééhém iﬂj@ recording drive includes a

controller hat has a digital signal processor (DSP)

22, a radio-frequency (RF) anplifier 23, a servo 24,
The information regarding a defective area is also written in a replacement

20  area when a defect occurs during reproduction of data. For instance, the position
information, e.g., a first PSN of a defective cluster and state information regarding
the defective are also written in a replacement cluster.

FIG. 3 is a block diagram illustrating the structure of a recording medium drive
included in the reproducing and/or recording apparatus of FIG. 2. Referring to FIG.
25 3, the recording medium drive includes a pickup 10, and corresponds to the
recording/reading unit 1 of FIG. 2. A recording medium 100 is loaded onto the
pickup 10. Similarly, the recording drive includes a controller 2 that has a PC I/F 21,
a digital signal processor (DSP) 22, a radio-frequency (RF) amplifier 23, a servo 24,
and a system controller 25. The memory 3, of FIG. 2, can be included in the system
30 controller 25 of the controller 2.
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and a systemcontroller 25. The nenory 3, of FIG 2, can be included
in the system 30 controller 25 of the controller 2. 10 During a
wite operation, the PCI/F 21 receives data to be witten and a
wite command from a host (not shown). The system controller 25
performs an tion of t ired for the

itiali z C nedl u
e Lo aoerat i churing.a Vil oberatios, fis REIH.21 Sehaltendhtbde b wiibspant easte
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per f or ns &@%@O?RCPSF wigtA 'r”e?p@'i,efje ’P‘?@sﬁf“iﬁx? %Itli'@ taB?FI il %3
control | egoriferl i@ data touisttsfrdiehe IDBRIR21Atd an FFRd; al.a THROFIckOS 10 then
recordi ng medi um 100 or to record information, such as ter‘rﬁorar

managenmenwritastigrthatreeprdinggnediam 1@ ysing doe REdsignal otputhsera the RF amphfer
speci fi cagé 6\&&5@%% CORLI A | (-?cr VoS %?rtv%scd?ﬁ‘rtoi"c&ﬂr dé]'?d %tem
ete ver | e

medium 1 rm ned nu ers of clusters an
data Wit centrdlier Qﬁeartdl parfarms. servd cantda fvdtht reispectdbahe gickup 0. cl'ﬂm system

St at 0.1 nt bPRRIEE A5 ARG e Ry & ReRaasd B InerieBon g metim 100

Wien the gatta werford | infdrimatioh s sQENPALttermpordriendabgement |ﬁ|fzirmat|@ﬁl td hfe
system contrgller 25 re ei ves user data fromthe nenory 3 containing

the wite®COMBAMNSENPOuser data transmitted fromthe host. The
user data specifies the position of the defective cluster. Then, the

system contr ol fugfe gﬁedlﬂlﬁﬂ]y RAE 8y &eni dttilenNsd 25 Gfites dﬁt@ftdm*ié fébo&ﬂﬂ@hﬂéd’lﬂn
the defective cluster and the state infornmation regard o th def ect
gtgepe e

into the HQin prdgteiftined nursbersiad cllsigrs aadyerifies e c#%ter clusters.
cluster. ?' c{j@e@t ﬁ‘:ec?té’%getih %”GIQ Ffﬂtré Bsmeﬁ‘?nfgﬁ:nﬂ ?%a'rgig\?fﬂé??se?ectwe

read conman host . tem contro
initializelusten apd tmraesta@cmmﬂnagonHGQMnglme defeqmarreesto’reﬂ in the rmemtbry 3.

o om L0/ 156 (0B PG 8, Bl oRCRE beishl G, AGEREE, e gyptem
the | asetoriirsder 126f leeelves Useo tatahzometbermemonmdiantaibing. théheritsFcommand
anpli ];z(zlr eran2 uggrnc\{ata transmitted from the host. The user data specifies the position of the
defective cluster. Then, the system controller 25 incorporates the position
information regarding the defective cluster and the state information regarding the

defect into the user data and writes the user data to the replacement cluster.

During a reproduction operation, the PC I/F 21 receives a read command from

25 the host. The system controller 25 performs initialization of the recording medium
100, required for the read operation. The pickup 10 outputs a laser beam to the
recording medium 100 and obtains and outputs a reflected optical signal, from the
laser beam reflected from the recording medium 100. The RF amplifier 23 converts

the optical signal output from the pickup 10 into an RF signal, provides data

30  modulated from the RF signal to the DSP 22, and provides a servo signal, for servo
control, obtained from the RF signal to the servo 24. The DSP 22 demodulates the
modulated data, performs ECC decoding on the demodulated data, and outputs the
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the optical si.gnal output fromthe pickup 10 into an RF signal,

provi des data 30 nodul ated fromthe RF signal to the DSP 22, and

provi des a servo signal, for servo control, obtained fromthe RF
signal to the servo 24. The DSP 22 denodul ates the nodul ated dat a,
perfornms ECC decodi ng on the denodul ated data, and outputs the 11
ECC decode@Cddeeoderhdataer vidien sepyer 24 mesfosns vaere reontiol en thee piskgpul®, in
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the system control 25 "'can reproduce the user data inrtial
desi gnat € responsectogefeas commandgivan trom: the diosty andié thesystpimecantrolier 25

defedraty ongeel \ i rom ! :
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f or mat cluster consisting I 'ong
Reed- 8ol ctlusteE@@yY, be drldCaermaded anddimtitienrin dhdceplacéiep) chistest eOtherwise,

consistin f,, .24 Bl Ss, [ t Ki.n f. . the Bl | ust a ,
portion o ’gottqf’ r B?Grd§?§D%fktg’)% gﬁ?%jcé?t gﬁga@m&éq ﬁgg%tﬁfeﬁ w@nﬁ%ﬁ information -
i nf or mat i regardhgpthd defectdlecsttisteeindhe séslacernentwiigtéen. 25 More
specifically, in the recording of data in such an ECC format, when a

(rjg]::g(r:fji In; dﬁtsz.-f;a%g{!gsu 'of "Tethods 'of fr étgﬁné) 43 ae%?'itt%gtiﬁra tdg. ective tc'k%!ter are as

follows:

20 US -Patent No. 6,367,049 illustrates a method of recording data in an ECC
format with an ECC cluster consisting of 304 long distance Reed-Solomon ECCs,
and a burst indicator subcode (BIS) cluster consisting of 24 BISs. During the
making of the BIS cluster, a portion of control data may be allocated as a field to
which information regarding defective clusters is written.

25 More specifically, in the recording of data in such an ECC format, when a
defect is detected during a verifying process after the initial recording, user data
previously written in the defective cluster containing the defect is read from a memory, '
in response to a write command given from a host, and is encoded into an ECC
cluster. Next, control data with a physical address of the defective cluster is

30 encoded into a BIS cluster in a portion of the control data, so as to make a physical

cluster. Here, the portion of the control data is used as a field in which 16 physical
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previously witten in the defective cluster containing the defect is
read froma nenory, in response to a wite conmand given froma

host, and is encoded into an ECC cluster. Next, control data with a
physi cal address of the defective cluster is 30 encoded into a BI'S
cluster in a portion of the control data, so as to make a physical

cl uster. bidressesef poeplacement clhstec and indbrroaticsn regarding the pasitioe laddistate
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a physical cluster. Here, the portion of the control data is used as

a field | #%@nf@h beceperiiak dde @1 RGe ¢leppacetiam cantiol data svith@ physical
i nf or mat i %&HJEQQQH&' isPfle H?Srrﬁé?tﬁiﬁ 6ORe Y c‘ii@étcﬁjsﬂ%r ér@"en%&&&ﬁﬁtéf%hél's“a&&ér,
ed. Next he I ewitten in the

are recor ' , t physical cluster can
r epl aceneinta poion @f confrolidatal therebyaibitainiagteophysidab clustesc oHeren gherpditiomof

def ect D ' a. rec | Lum drive. ta
can' be wrEeEnTohodf Besecie RNkl HBr B s S S el ckfisabBler
(ESPC;&S) (mirﬁdsrmaliaha'egamﬁmthefpctsitia\aﬂ}m&hl %?of&he@:eféotiafziows)ter are recorded.
Therefore, the, present inventiop is,simlar applica to

"t or rat | NS BN E AL SIS G Da T SO Rl SSIPCRTTE GISiET ch

i nformati on can be recorded wusing RSPCs. Information regarding the

IO_osL_t ion and st & elsf p@saﬁfs_etbt béﬁ(_)l?ﬁ Lr&%@ﬂi@ame@lg.ﬁﬁ défecat_smarn@ eh@nﬁogSa
I NKI Nng are WEeEN recording units or a recording ned um en a
def ect | veDMﬁu‘gg@} U$IBY Bcorqraing meadiirg drive) oPalfrrn bpgwilign inten 56& Enmeat

the reli adihg Recdl Solomon product codes (RSPCs) (see the data format of a DVD-RAM
20 specification). Therefore, the present invention is similarly applicable to information
storage media such as DVD-RAM and DVDs on which information can be recorded

using RSPCs.

Informaiion regarding the position and state of a defective cluster can also be

stored in a linking area between recording units of a recording medium when a

25 defective cluster is replaced with a replacement cluster. To increase the reliability of
recorded data, the position and state information regarding the defective cluster can
preferably be written in an error correction structure in the linking area so that an

error in the information can be easily corrected.

Hereinafter, a method of restoring temporary management information written
30 to a temporary defect management area (TDMA) will be described.
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recorded data, the position and state information regarding the
defective cluster can preferably be witten in an error correction
structure in the linking area so that an error in the information

can be easily corrected. Hereinafter, a method of restoring tenporary
managenent information witten 30 to a tenporary defect nmanagenent
area (TDMVA) wi FIGpe ifsitates &y reccsdingamedium | spare cares @rmedoermgecordmg
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abnormal ly term nate accl den
a power f actident sURas @i wero‘amlra B,eferadeoeFrlGnB repledepnent chdterd, which

bst d I tt t
' gener aptd siBaliffesc 1 Betebfiye SURIERS aud i, 407 4298 1 SPAna I 9onaeal
spare &r eaeplacteméntag’of defect ar@ogéq@mtnalkwﬁfﬁfaeﬂ/mttpg:%? @f%é ﬁ%%gﬁ?%m a
[ y S

| f necessar | ac ts can be e
a porti onpe%i‘of‘hg?%rﬁﬁ eW‘QT dheystalieste F](Q\' gedt m&ssarvherepwea@@tﬁeman be
clusters %@%tﬁllﬁ?&mé& Sta ht Fré(rﬂeé Fidh 46 gﬁar éé% %%)PSN

information is updated tenpora nmanageme orma
and cl ust éhg rﬁafammtquaiemareomm irdo ﬂwetypepdaft ehistdfhzr elusteln@ whose

datin an. i ndij.ca
L T S LT
Repl ace mawhosda irformatiorhbas notlfbeenaipdalted]aSHmt tie epdatims of sk rep!acement
represents that, recordin (%| um, def ectwgr? e;%emant was abnor mal |
termi nat e Stﬁéqiﬁ‘fqrmfﬁ'oﬂa% £t ¢ tbat i rece sewmed%feafstrea@amtt was
be rest Or&d:ce%éfuﬁ%%on@pléﬂehusWh%b\eﬁ:%n%rﬂ%lﬁﬁﬁrsew&?nihﬂﬂnf?atlgﬁtWan been

updating a spare Is aty
rranagerrenvPCFa{e@rrﬁafesmts rﬂhatdac@rdmg Fnediuen delf¢GtuB'!Bﬂ§Q@Qeat mexso abdhorgnally

redi um 100 R TRt Bnd BB I HE Pl NS 0.6 BETR RO 1

term nated and_restoration of data witten in defective clusters is
requi ted, zo dré Biitusteres diagiamatexplainieg & medhod ef opdating at spiaze dit map

the recorgy u t denot e ort f
the recor i) WERHE d08ps dfteeatard andidfes BorriiBhn  fodeldingi@ oa
porti ogs llitﬂstaaies raea:mcﬂ'dmg nmdlumnn rgﬁ@rdlﬂ@ﬁktaﬁetbahg wesgﬁ%@nn a‘;'ﬁTSBM)Lﬁf a
are indicated.not taq.inc e data ip t n ite
rect angl eS0T e ﬁH oﬂb ofw #e rrgﬁrdﬁ?%gmﬁgm%nﬁﬂﬁ?tt Hanaggmest nwas
no data. aBndriall &rﬁﬁmédlahﬁ rEBOratntsT s wWiRBA G BBRIcHTE SRS iy required
ends, the SdBl}élc\en not reflect

IG. 6B illustrates the actual recording state of the recording medium 100.

Here, black rectangles denote portions of the recording medium 100 that contain

data, gray rectangles denote portions of the recording medium 100 that actually

contain data but are indicated not to include the data in the SBM, and white

| rectangtes‘ denote portions of the recording medium 100 that contain no data. If the

25 recording medium defect management abnormally ends, the SBM will not reflect
updated recording appropriately.

When the recording medium 100 is inserted into a recording medium drive,

the recording medium drive checks a consistency flag. If the consistency flag is ‘1,

the recording medium drive determines that the recording medium 100 was removed

30 from a recording medium drive without successfully updating temporary
management information written in a TDMA of the recording medium 400.
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~updat ed recordi ng appropriately. Wen the recordi ng nmedium 100 is
inserted into a recording mediumdrive, the recording nediumdrive
checks a consistency flag. If the consistency flagis "1, the
recordi ng mediumdrive determ nes that the recording medi um 100 was
renoved 30 froma recording mediumdrive w thout successfully

updat i ng t enpofhkg yecardinggasdivm idiive rseans oh Partian ef they recording. mediume 100

di \ 1 : . . _ .y
of the 1 ecoraty iollate, helied BE e st ERETCHEREY WHEBE AR 2 RRley Witen
SBM and inhtiet sportien her Indthis wasy, dbe uicOsding inédiom drive ltatreptsr tHeo$BM to
In this way,.the recordin di dr i corrects the SBMto .

or eci sel yPIeEisPG T ERE e, B il “Totk: o e akofiad sheifig Hhd¢ s Toentioned
ment i onedafoveh Aive SBNNG&s SPhap sha spapifibhat r_e&@ﬁﬁrh'dg hRdiudn re6SHd g e a Bt Bit
recording state with bit values, i. t indi cates whether

cl usters, Valuehi-as et dnfligataseavhether ﬁﬁ-?fsﬁl"%awh}c“ rase opknesiad dped physicady
recor di ngréﬁggﬂﬁﬁo%% of fHY ?éd&lglﬂﬂé %é’digu%oioo Téb@aélﬁﬁg P %ot "Bl Rcording

drive scans usters that-are deterrin ave no dat a,
speci f i edmiedium deveBians: bk ok sluisfers lhteare [deteranisedhita bavé podiataapecified in

contai n dat ke BM.ref | ecti e checking result
oo o Rl rRBATT e B S star® S, i ol SaiPl Sa e ek enew
as tempor 8By refleatiegene chetlingatsdt iie, thedb¥dithe Previslrd8BIMIg Whek RRe
SBM i s co%t@ {I G 6C illustrates a recordi ng@ﬁate_ of  the

recor di ngURRAIPA RENMJS Witen a8 t§MPQLY JBRNRgIRIPeR biormation; indinealBMA, the
whet her t [y fnddrens sBRNMsdidinpléed or not. The 15 recording medi um
drive makes the new SBM by updating the previous SBMwith bit

values. FIG 7_is a flowhart illustrating a recordi ng nedi um def ect

managenent nmetiRo§CablesiFalph @ farosding taei drhe reroiding Frasiem: 100, with in a
recor di ng e tan ek indicatst WRRRSEE Giyslrts CHRlln bod o 2 fhe
never lbeerecpesiing mesliym idsive saakas thetreva SBA by dipdgting theiprevibus\@B N owith bit
reproduci\paqu&qd/ or recording apparatus), the recording mediumdrive
reads tenporary managenent information froma TDVA, stores the read
information in a nenory, and performs initialization of the
recordi ng nediRki® 7 équi fledchant ibustrating ed rreeordinge neediom. défect pearagement
702, if tf%%thlo(aaéjc%%réir?& % %inngngggiimue% io? tr?eOtpreasrént invention. Referring to FIG. 7,
in operation 701, when a write once recording medium, on which recording medium
20 defect management has never been performed, is loaded into a recording medium
drive (or reproducing and/or recording apparatus), the recording medium drive reads
temporary management information from a TDMA, stores the read information in a
memory, and performs initialization of the recording medium, required for a
write/read operation. In operation 702, if the loaded recording medium is not an
25 empty recording medium, the recording medium drive reads a consistency flag set
value C_flag from temporary defect management information recorded in the TDMA,
and determines whether defect information regarding the write once recording
medium was successfully updated. For example, if the consistency flag C_flag = 1,
the defect information was abnormally terminated, and if the consistency flag C_flag
30 = 0, the defect information was successfully completed. |If it is determined in
operation 702 that the defect information was not successfully updated, temporary

defect information contained in the temporary management information recorded in
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25 enpty recording nmedium the recording nmediumdrive reads a
consistency flag set value C flag fromtenporary defect nmanagenent

I nformation recorded in the TDMA, and determ nes whet her defect

i nformati on regarding the wite once recording nediumwas
successful |y updated. For exanple, if the consistency flag C flag =

1, the dbFcmemaly ds kaad.otherasition &f rmmast reeentafasmiedaraplagemens area is

consiste &bﬂgd‘lﬁa @@el??'l a r?exttrgﬁlagé’r?léﬁtt gthfe?rérPéed ?I K and ipformation

successful Ty cohple et erm ne
t he def ectegarding the positiom and ctateaf e dsfieativey chnptﬂtlssdetaotafq;om apgration 703.

recor ded TrOPeiER JUAL A0 EREL B hafid TR cRldcet " GHSIEF Hog, Mecteicpfont
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repl acenent cl us%@5 IS re %%Jced and information regardin

posi ti on eRRIALQH(@0.Jiewyde qrination is preated;bagaden the creat fa@h lishand
703.. 1N pRYralibes tgtﬁﬂmra?y Q%fe%@gnfbfrﬁétld?@mlﬂ g&l’%ﬁ‘f‘ﬁ]{% (}hé‘ Qeﬁlggﬁatrf'aefect

and the replacement cluster 1s created bas et ect
posi ti on mAtagemert araa dDMAisowpdated. operation 705, new def ect
information - is created based on the created defect list and the

previ ous tenmpofapyeAeliife, 'UY Wa@rﬁ%ﬁ,?g'l{?gg arﬁtﬁeé&fm%‘%%me{ % f recordi

tenporary defect nanagement area note oVE,

Pat ento Nodats ii3&ni, 20 fodnhatstrr which aphysital caddfessenfpadd mg‘ormatmat@ardmg,na
ECC formm cal_ address of f Qr ma

regar di neheratiaeAuier A WllarE i 3 elientart it Auhdtiard menagsraent.
during defiag ineRagen@&nbodimdis of ithe w&\dnt)fnv@ﬁﬁ@nﬂlémﬂﬁﬁorﬁ)ﬁfblh'ﬁétlon to the
present i nvention, and %dnﬂg%ol ication to the_ data struc

i | | ust r at@aia strugtuse kst tes NO. 56,384 1048 Emasy rg%ﬁlyelépdated
repl ace”Perla‘ébH%h?rcldé?é“r 86 Rt ﬁﬁfe%ﬂecf 8 @ SpakCaatsr Qfr oF %
medi um 1S se ect

on tenporary defect I nfornmation contalne
manag¥me rhasediasy temposary defestinformatiomeontainediin defgst mamemlt uﬁolmailon

1 2, R8T BEEEE o LR ekl 8 8o BB SR gl e
gef ect ItgztrﬁadanNEgt Ichg‘f @ettor via almllsfsfarélsteinefdlragmmasmgﬁphymalselwer cafrbe
e created.

bt or mat | SEGSE n e "defeBt IS Feior Sriethis, Ghiters ih renAcT B ghsters

Next, newdneh® @fdtyd %?frecémh@ft@ rtnatphgacalcadmegsé?sr 8ad athtBaaRAnation 'af:‘ the
defect lists and fina Eer}porar defect informati on that was read

and s¥or lfeelivg dustersyspegifiad iIngaatrbdatae Next desnieanasenrdales intormatien

can be created based on the defect lists and final temporary defect information that

was read and stored in a memory, when loading the write once recording medium

“onto a recording medium drive. Also, if data to be contained in the temporary

management information exists and needs to be updated, the data is also updated

25 and recorded as temporary management information in the TDMA. This

embodiment is applicable to both write once recording media and rewritable

recording media while changing particulars of data updating according to the
characteristics of a recording medium used.

Similarly, to restore data contained in a defective cluster of a DVD, where data

30 is written in an RSPC format, and the physical address and state information of the
defective cluster are written to a replacement block, first, a most recently formed
replacement block is detected from a spare area of the DVD, based on temporary
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onto a recording nmediumdrive. Also, if data to be contained in the
tenporary rmanagenent information exists and needs to be updated, the
data is also updated 25 and recorded as tenporary managenent
information in the TDMA. This enbodinent is applicable to both wite

once recording nedia and rewitable recording nmedia while changing
parti cul adefest inflenmatigpentaigeditrcibedi AL o Nexty dathwritien ée agtext blogk isaread

recordi ng | A1 0 S. t ' b .
ot ect | ve2 Dy JepBUSeE andfl ofibt b1 e bBh el SR HhitifheliBh Fegarcing
L o][ nat, atte positiqrisyand statesidf defsecﬁmlcmistdrs Writtbnrirat ikerse][\_@‘d Arie@ RSV shown
efective, cluster are witten to a.replacepgen ocC irst, a nost
ecent |y ToFliRd s cBbAingt A St fts S5ing Hedetria clusteis and feplagament
the DVD, bpsrfs Htet aﬁa@oabﬁsea%rdeﬁ@%btaméermrh@ﬁoﬁpnwxﬂeﬁewntgmp%rary
TDVA. Next, data witten to a next block is read and reproduced and

an error fefechinfemmatiansisceeatess dasedion the delechlists and foalriempgranyHiefect
positions; t esof d CL |l L1t ' ; a

RV shonn ot GGt isSfEBCond S1cTeli Sh Tnahory, fllen Todtif 1S 14D Bht's
def ect i veredondingreedinth depé.ackndata b be ushtaisediire the damporagsadnagement

t he obtained information. Next ew te ar defect inforpmation. is
created. BISmAtsR s AR aeds 1o P UaHAR, i detais sigh, nplfid Bnd Wher as
i nf or nat | gmpohChahagémet mishnsdtioheirt the EDMRIO Thisnhefhddash beé pdHdrmed
DVD onto a recording mediumdrive, |If data to be contained in the

t enpor ar yORdi9dy &ikés oNce fecarding BRdiexard sewnilablecegerding medip wdile £hangiag
data i s agak; kot [ : : :
ot or at | EartERs of QReRSathG! hechrbing 1 thE BHRFAXdHidTRE U & Ritbording medium

once recouskkthg nedia and rewitable recordi ng nedia while changing
particulars of data updating, according to the characteristics of a

recordi ng medigipy 1SR %Gestord Hgﬁ{wri&éh [EGLEReddh el ihid ﬁ%{kinjlaq‘afé%fé‘o‘f#i:\{iﬁg
clusters in a linking area containing 1S 1nfornation reg ing the
posi t i®nsinforchatipat egaocding Hbe dedstianisy and| statesr of the rdefectiveeclastersy a most

updat ed repl acenment ,bl ock can b et,ected, fr spare area of a

Bear di ngrreRTTPdsteh deiiRSaRat HFC GaRcht " flpRERRRPRY . aReH aer of 2
t enpor ar yrectRdiag eneditimi, bheedain fmpdvary deféat infomastiol dentamiedaincteRiporary
clusters allotted to.the replacenent block is read fromthe |inki nqhe

area to ob’@aaﬁaemﬁﬂbmf%[m%ﬁ"r eyaxbidad? f?ﬂ?'@'@g ;58_8'?9?'6'%‘ elHatess aliqtteddp
the def ecidpyseemettibidck is'V@sl frdth 186 linking! sreB a8 daih NRformation regarding the

20 positions and states of the defective clusters. Next, defect lists naming the
defective clusters and replacement clusters can be created based on the read
information. Next, new temporary defect information is created, based on the
defect lists and final temporary defect information, which is temporary management
information read and stored in a memory when the recording medium was ioaded

25 into a recording medium drive. If information to be added to the temporary
management information exists and needs to be updated, the information is updated
and written as the temporary management information in a TDMA. This method
can also be performed on both write once recording media and rewritable recording
media while changing particulars of data updating, according to the characteristics of

30  arecording medium used.

These above data restoration methods are applicable both to write once

recording media and rewritable recording media. However, the write once recording
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defective clusters and repl acenent clusters can be created based on
the read information. Next, new tenporary defect information is
created, based on the defect lists and final tenporary defect

i nformati on, which is tenporary managenent information read and

stored in a menory when the recordi ng nmedi umwas | oaded 25 into a
r ecor di ngMegid igqrdeiadefect mapnagement aieaandha THAIMAdor epcpriing mastivrg dpfect

mnagemphahgé&hgﬂﬁ W’%r@é@ &%sinaﬂgioﬂ%ﬁ‘?ﬁ? TONIE it B RMritddls recording media
i nformation IS update and witten as the tenporary nmanagenen
i nf or mat i isnoptional. TOkikbe Tompatiblehwith rewritakis cededipgrmediaed ie rebormmended

wite onc cordin di nd_rewitabl e recording. » Lle
changi ng. A FecerPEmaeadnantiafeR n ihé Wil SFEP et gng Betid B 4ol to that
char aci er pfstthes relvritable ardcerdingi medi@di amd UaRGt Tdwpty aRpdstedatidmporary
restoration nethods are applicable both to wite once recording

medi a andMaBaRemaRl Biormadion; wifterb the TaMév ke writies inrthe gefags nanagement
recordi ng Y/ i i i Ghigmnagenent area and a TDVA for
recor di ngarﬁé(ﬂﬁ]aég?de@ﬁﬁ ﬁgﬂggngﬁiﬁ%namﬁereas t he inclusion of the

TDVA into the rewitable recording media is optional. To be )
conpati bl e wi tThe dgfect sparagesestomathoskedescribed herejne fstynee @rabodieditas a

the def j Lt . .
R e e S

updat ed t eomputar readableagediam. | Whenrtheipoogram istread iandtrue byRMVéorpputer, the

witten in the defect nagepent . arga ri ng recording, nmedi.um

' hal | 2at S0 FRBAGRNeRY o HETETBiAgh: Hhie bR ayFpieadnEledT RUHE mpy be o
enbodi ed magheticc esgoNdiag MeaInANah fipticala Reddeding medium, cen® Wakiier Waee, for
program can be stored in a io0 conputer readable nedium Wen the
program i €XaeRle- and run by a conputer, the defect nanagenent is
performed. Here, the conputer-readable nmediumnmy be a magnetic

recordi ng medithis, 38 dwichiball dIRAe! @hibbdiREhtd B BB [FreSaNt! heéntimY Srovide a
exanpl e. Thus, as described above, enbodinents of the present

i nventd onmgihedh deprarats, narthoeomapiesr Erastableiediyipulosr restering| temporary
o g . _ : ; e e
Fenpor ar y aaFde et rcrAERGA KLOFER BiREEialy LSleet G fHion' ptdifed nich is

def ect nmawdtbemtkntenpoeary(dEDd@)makagementragea (T@MAJdi nent s of the
present invention, it is possible to restore

According to embodiments of the present invention, it is possible to restore

defect information written to a defect management area of each of rewritable

20 recording media. For instance, although replacement clusters may have substituted
for defective clusters, caused during a write/read operation performed on a write
once recording medium (or a rewritable recording medium), a recording medium may
be removed from a recording medium drive without successfully updating defect
information in a TDMA/defect management area, e.g., due to an unavoidable

25 accident such as a system power failure. Thus, even in this case, according to
embodiments of the present invention, it is possible to restore temporary defect
information/defect information written to the TDMA/defect management area. It is
also possible to restore a spare bit map (SBM) that has not been updated.

Although a few embodiments of the present invention have been shown and
30 described, the present invention is not limited to the disclosed embodiments.
Rather, it would be appreciated by those skilled in the art that changes may be made
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defect information witten to a defect managenent area of each of
rewitable 20 recording nedia. For instance, although repl acenent
clusters may have substituted for defective clusters, caused during a
writel/read operation performed on a wite once recording nmedium (or
arewitable recording. nedium, a.recordi nedj um ma be renoved .
froma 1 ol AEDRAGHH IO CapaRbE T (RS SEnGIIar Sspiik g dos ivention.
i nformati g dddpd of WIS RAhe dBYABE BRiThs ah8 IheifefuivaldHis. L O an ,
unavoi dabl e 25 acci dent such as a system power failure. Thus, even in
this case, according to enbodinents of the present invention, it is
possible to restore tenporary defect information/defect information
witten to the TDMA def ect managenent area. It is also possible to

restore a|nﬂg§{r@|h?' plicBMitk SBM that has not been updated. Although a
few enbodiments 0 € present invention have been shown .and 3o
descri bed, the present invention is not limted to the disclosed
enbodi frents.  IRaPARIpUlar: theoreseid invpRtian HeBdbpyadyardagequsly applied tthea
art that . ade ' ' dj A e j
rom the Sron TEARE (LR or Wophlcies oRERRCIGEBRId itan SPBAidIg
i s def i nethépkinghehethet asysteth mayihavedewiendmproperlyl puivaredicd.  However, even

Stvant agebsiarouiBe PG4 sl BRRAbnREER, HBTB R Brem dmpraperty
and/ or 1 epoweteddfapiaprisent rveatibe efbbles oS kédgding ahBeiunmdevs teeperi®in a
have been inpro erlr}/éﬁawer ed of f. However, even If a recordin

. . g
medi uld dr VU @RETAN? dRsiprationeef datay iy aspARSe ke énhostraspaang or when a
power ed Ofdeordift mRURIR Y IohBYE@ THtb Mk F‘é&%’f&iﬁérﬁéb‘?urﬁ%?ﬂé.d' ng mediumdrive
to performa 10 wite operation and restoration of data, in response
to a host command or when a recording nediumis |oaded into the
recording nmediumdrive. 19 CLAIMS What is clained is: 1. An
apparatus, conprising: a recording/reading unit to record/read data
with respect to a recording 5 nmedium conprising a data area di sposed
between a lead-in area and a | ead-out area, including a user data
area and at | east a spare area having a replacenent area to
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repl ace a defective area occurring in the user data area; and a
tenporary defect nmanagenent area (TDMVA) arranged in one of the

| ead-in area and the | ead-out area; and 10 a controller arranged to
control the recording/reading unit tqrgespsd data for replacing the
defective area of the recording nedium and position information

r egar di n§Vhditds disfiraetiiste area, on the replacenent area located in the
spare area of , the,recordin lum to record tenporary defect

medi um_t
i nformation ident | AP BRPA5BLS FINRTISING: t he defective area and the
replacement area i bBSrdirRyRYdMY uflieteFdconBnaste aBRE wilty réyRet {oT&#MNording
the tenporary defect information including tenporary defect
managéme medivmgompising eclataaerdishesed hpbvesrya deddtt areafanthalgashout area,

d duri . finalli ' f th di '
Ferpor ar Jiiin e e EPI BRkstand BEI58ER PR B iy 2 PobEERIENt Bfoa o
nmanagenepéplacs a(debéivel drea odels ifBRa UeBEOhta AeanbhiA)temPorary difect
recordi ng nmedi um conpris ;3. ata area di sposed between a lead-in

i ng:
area andmanagemeniares é'BDMA%r&E angieddgn #nesdthalgad-ly argatand tbedead-ayt area;
and at Igﬂgt a spare area having a replacenent area to store data to
repl ace efective area occurring in the user data 25 area, and

posi tigon i nf or mat i arconéededangngdtaledrindlithe reccrdingasddiagtianiptorraecyrd data

defect managepent area (TDMA) arranged in at |least one of th ,
| ead-in R P@?&QW@Q%%@V&%W%C@&P‘?WP% ipOcmediopb and pesliqrformation

I nf ornat | | | fo)d Lt f [
| %ﬁhrglrr@gﬁbf[ efedieliteh! 69 %g&é%%ﬁrﬁé!ld&téa ‘?rfﬂ%@batra%rea of

repl acene e tenporary mati on I ncluding
t enpor ar yhalefoecdingamedjeme ba rectrd temporary deferd infgematih ideatifyingppositigns of

e TR ars S e o WSkt oy SRl S
def ecjls MaRaHENBAA) AtheaéhaWhary defedtafrsaton ﬁhcﬁudiﬁ%@@nhpﬁ%ﬁ?ﬂ@f&iﬁt ,
area(DMA) arranged in the recCording nmedium 35 20 3. A reproducing

appar at ugnanageprensiinigrmatiore trimagageithe tempeeaty dafect informatixp aad duwing a
recordi n%ngﬁzda'ti%rﬁ]of the recording medium, to record the temporary defect information

recorded in the temporary defect management area(TDMA) in a defect management
area(DMA).
20
2. A recording medium, comprising:
a data area disposed between a lead-in area and a lead-out area,
including a user data area to record data, and at least a spare area having a
replacement area to store data to replace a defective area occurring in the user data
25 area, and position information regarding the defective area; and
a temporary defect management area (TDMA) arranged in at least one
of the lead-in area and the lead-out area, to store temporary defect information
identifying positions of the defective area and the replacement area, the temporary
defect information including temporary defect management information to manage
30 the temporary defect information,
wherein, during a finalization of the recording medium, the temporary
defect information recorded in the temporary defect management area(TDMA) is

recorded in a defect management area(DMA) arranged in the recording medium.
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conprising a data area di sposed between a | ead-in area and a | ead- out
area, including a user data area and at | east a spare area having a
repl acenent area to 5 replace a defective area occurring in the user

data area; ang a tgn&y.@gdcéﬁ?ﬁgﬁ%rat@mg:ar ea (TDMVA) arranged in

one of the lead-in area an ead-out ‘area; and a controller
arranged to cont r ola rehdingesni togreadidata witheadpeettta & recordiep ediurg t he

defective area.of the recor.din I U apd position information 10
Fegar di ngoTIRERE 2 ST &S SO Re e £ 5adE8 ke B aleRbt 665
the spar ghdid@iag o usdritRitd arsy dhdat REL HBpatd drdPhaiAgl alrepReEmant driLR
information identifying positions of the defective area and the

r epl adenseplace axlgfectivet areatanepoing i thefuser dateadiggeapd @ temperaryoigigct
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and 15 waggei n the controller controls the reading unit to read the
tenporary defect information froma defect managenent area(DVA
arranged in the re@domtioder aganaed to pontseldhe rrading yndite seabdei@itr s a

finali zeds [i66RALYhOYeFREVE Bre4 bf the recording medium, and position information

10 regarding the defective area, from the replacement area located in the spare area of
the recording medium, and to read temporary defect information identifying positions
of the defective area and the replacement area from the temporary defect
management area (TDMA), the temporary defect information including temporary
defect management information to manage the temporary defect information, and

15 wherein the controller controls the reading unit to read the temporary
defect information from a defect management area(DMA) arranged in the recording

medium, in case the recording medium is a finalized recording medium.
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